Larvae of Portunus pelagicus (Linnaeus, 1758) were reared in the laboratory on hatching from wild ovigerous females collected from Palk Bay, southeast India. The larval stages included four zoeal stages and one megalopa. The megalopa moulted to the first crab instar. The zoeae and megalopa were very similar to those of other portunids. The duration of each of the first two zoeal stages was 3-4 days, the following two stages 2-3 days, and the megalopa 3-5 days, reaching the first crab stage in 15-17 days. All zoeal and megalopal stages are described in detail and are documented with illustrations.
INTRODUCTION
The blue swimmer crab, Portunus pelagicus (Linnaeus, 1758) is the major marine crab species landed in India, and it supports a good fishery in Palk Bay and the Gulf of Mannar along the southeastern coast. Though it is caught commercially, a study on its complete larval development is not available. Earlier works on larval development by Prasad & Tampi (1953) , Chhapgar (1956 ), Ameer Hamsa (1982 , and Raman et al. (1987) , are incomplete with respect to detailed descriptions of short lateral spines on the carapace. Carapace length (CL) was measured from the base of the rostral spine to the middle of the posterior border of the carapace, and abdomen-telson length (Abd-TL) from the proximal border of the first abdominal somite to the tip of the longest caudal spine. A detailed description of each larval stage is given below. Maxilla ( fig. 1F ) with bilobed coxal and basal endites; unsegmented endopod and broad scaphognathite. Each lobe of coxal endite with three plumose setae. Each lobe of basal endite bears three plumose setae of varying length. Endopod carrying four terminal and two subterminal plumose setae.
First maxilliped ( fig. 1G ) with protopod broad, bearing six to seven short setae on inner margin. Endopod five-segmented, bearing 1-1-0-2-5 setae (from proximal to distal). Exopod unsegmented, carrying 8 long, plumose natatory setae terminally (in lateral view only 4 are seen, as shown in the figure).
Second maxilliped ( fig. 1H ) with broad protopod that bears two or three short setae on inner margin. Endopod four segmented, bearing 1-1-1-5 setae. Of the five setae on the distal segment, two are more than three times as long as the others. Exopod unsegmented, bearing eight long, plumose natatory setae distally (in lateral view only 4 visible).
Abdomen ( fig. 1I ) five-segmented plus the telson. Second and third somites bear a short lateral knob on either side. Knobs on the second somite larger and directed anteriorly; those on third directed posteriorly. Posterior margin of each abdominal somite overlaps next. Third, fourth, and fifth somites each bear a pair of lateral spines on posterior margin, directed backwards.
Telson ( fig. 1I) fig. 3C ). More developed than in first zoea; bears corrugated ridges of thickened cuticle.
Maxillule ( fig. 3D ) with coxal endite with six, basal endite with 9-10 sparsely setose setae. Endopod two-segmented; proximal segment with single seta, distal segment with six setae.
Maxilla ( fig. 3E ) with coxal endite bilobed, each lobe with three setae. Each of basal endites with four or five setae. Endopod unsegmented, bearing four terminal and two subterminal setae. Scaphognathite bears seven plumose setae along its outer margin. In addition to these, the dorsally directed process bears three plumose setae. First maxilliped ( fig. 3F ) with basipod broad, bearing 9-10 setae on inner margin. Endopod with 2-2-0-2-5 setae. Exopod with eight long, natatory plumose setae at distal end (4 setae shown in the figure, depicted in lateral view).
Second maxilliped ( fig. 3G ) basipod with three to four setae on inner margin. Endopod with 1-1-1-5-5 setae. Exopod with eight long, plumose natatory setae.
Abdomen ( fig. 3H ) as in previous stage, except for pair of medium-sized setae on dorsal surface of first somite. Abdominal somites 3-5 have more distinct lateral spines. Antennule ( fig. 5A ) as in zoea II, but larger. Aesthetascs arranged in two groups; 4 long terminal aesthetascs and one seta, and 2 smaller subterminal aesthetascs.
Antenna ( fig. 5B ) with endopod that has become as long as exopod. Mandible ( fig. 5C ) as in zoea II, except for prominent teeth developed on cutting edges. Maxillule ( fig. 5D ) with coxal endite bearing 7 setae, some setose. Basipod with 10-11 setae, some short, a few setose. Endopod two-segmented. Distal segment with 4 long terminal and 2 long subterminal plumose setae. Basipod bears two plumose setae on outer margin.
Maxilla ( fig. 5E ). Each of coxal endites bears 3 setae, one stout. Basal endites each bear 4-6 setae, some setose. Scaphognathite with 17-18 plumose setae on outer margin.
First maxilliped ( fig. 5F ) longer than in previous stage. Exopod bears 8 long terminal and 2 long subterminal plumose natatory setae.
Second maxilliped ( fig. 5G ). Exopod with 8 long terminal and 2 long subterminal plumose natatory setae.
Abdomen ( 6D ). Coxal endite with 12-13 setae, basal endite with 15-16 setae. Some setae on basal endite stout and sparsely setose. Distal segment of two-segmented endopod with 4 long terminal and 2 subterminal plumose setae; proximal segment bears one plumose seta on inner margin. Outer margin of basipod carries two short plumose setae.
Maxilla ( fig. 6E ). Scaphognathite expanded; 30-32 plumose setae along outer margin. Number of setae on endites increased: each coxal endite bears 4-5 setae, basal endites 7-9 setae. Endopod with six plumose setae: two terminal, two suberminal, two near middle.
First maxilliped ( fig. 6F ). Size increased. Endopod segments bearing 2-2-1-2-6 setae. Exopod has 12 subterminal natatory setae.
Second maxilliped ( fig. 6G ) unchanged except that exopod bears 4 terminal and 8 subterminal long plumose natatory setae.
Pereiopods ( fig. 6H, I ). First pereiopod bud with well developed chela; pereiopods 2-5 starting segmentation.
Pleopods ( fig. 6J ). Second to sixth pleopod buds developed. Abdomen ( fig. 6K ). Pleopod buds well developed: biramous on somites 2-5, uniramous on somite 6. Exopods of some pleopod buds with short, non-plumose setae. Dorsal surface of first abdominal somite has 4 median short setae.
Telson ( fig. 6K ). Similar to that of zoea III, except for additional short seta on inner margin. 
Megalopa (figs. 7-8)
Very similar to that of other portunids. Rostral spine present. Eyes project as far as lateral margin of carapace. Carapace length (including rostrum) 1.69-1.81 mm, width 1.16-1.31 mm. Abdomen six-segmented, with dorso-ventrally flattened telson. Abdominal length (including telson) 1.31-1.35 mm. Total length including rostrum 3.00-3.2 mm.
Antennule ( fig. 8A ) with 3-segmented peduncle and two rami. Basal segment of peduncle bulbous. Inner ramus unsegmented, bears 3 distal and one inner lateral setae. Outer ramus 5-segmented: proximal segment without setae or aesthetascs, second to fourth segments bearing 15-18 aesthetascs arranged in 3 tiers, distal segment bears two plumose setae.
Antenna ( fig. 8B ) elongate, 11-segmented. Proximal segments comparatively larger and bearing simple setae. Eighth segment bears 4 setae on distal margin. Distal segment with 4 setae.
Mandible ( fig. 7B ). Simple cutting edge. Bears 3-segmented palp. Distal segment of palp broader, with 11-12 short plumose setae.
Maxillule ( fig. 7C ). Coxal and basal endites unsegmented. Coxal endite bears 4-5 proximal setae and 8-10 shorter distal setae. Basal endite has 17-20 setae of which 5-7 stout. Endopod 2-segmented. Proximal segment with 3 and distal segment with 1-2 setae.
Maxilla ( fig. 7D ). Both coxal and basal endites bilobed. Each lobe of coxal endite bears 3-4 terminal and 1-3 lateral setae. Each basal endite carries 9 to 12 setae of which a few are stout. Endopod reduced. Scaphognathite bears 58-60 plumose setae along outer margin.
First maxilliped ( fig. 8C ). Coxal and basal endites unsegmented, with many setae that serve for mastication. Endopod unsegmented, slightly expanded, with 4 setae on distal margin. Exopod 2-segmented, distal segment bears 5 terminal setae.
Second maxilliped ( fig. 8D ). Endopod 5-segmented. Distal two segments flattened, each bearing 7 to 10 setae, some stout and plumose. Exopod 2-segmented, distal segment smaller than proximal one, bearing 5 terminal setae.
Third maxilliped ( fig. 8E ) well developed. Endopod 5-segmented: first segment flattened, bearing 16-18, second segment 7-8 setae, respectively, along inner margin. Distal segment bears six terminal setae, two are longer and three setae are placed subterminally. Exopod 2-segmented, distal segment longer than proximal one, bearing 5-6 terminal setae. Coxa bears well-developed epipodite and gill.
First pereiopod (cheliped) ( fig. 8F ) 5-segmented, well developed. All segments bear a few short setae, mostly on propodus. Ischium and carpus each bear one short, stout spine.
Second to fifth pereiopods with well-developed endopods, each of 5 segments. Basis of second pereiopod bears spine on inner surface ( fig. 8G ). All segments of endopod bear a few short setae, most on last segment. One inner seta on propodus of second and third pereiopods is longer than the rest ( fig. 8G, H) , a character absent on the fourth pereiopod ( fig. 8I ). Dactylus of fifth pereiopod ( fig. 8J ) slightly flattened, bearing at its distal inner margin 6 to 7 long, hooked, modified setae.
Pleopods ( fig. 8K-N) . First abdominal somite without pleopods, second to fifth with pleopods of similar structure. Exopods bear 15-20 plumose setae each. Endopod short, bearing 3-4 modified setae distally. Uropod ( fig. 8O ) uniramous, bearing 11 plumose setae. Basis of uropod bears one long seta on inner margin.
Crab stage
The megalopa metamorphoses to crab instar I, which resembles the adult crab. Carapace width 2.0-2.5 mm. Margin of carapace serrated, with 9 anterolateral spines. Pereiopods well developed, with setae, especially on propodus and dactylus of fifth pair.
DISCUSSION
In Portunus pelagicus there are four zoeal stages and one megalopa stage. The megalopa metamorphosed directly into the first crab instar. In the present study, the total duration of larval development was 14-17 days. The first and second zoeal stages spanned 3-4 days each, the third and fourth stages 2-3 days each, and the megalopa 3-4 days. The first crab instar emerged in 15 to 18 days. According to reports of several workers, in most of the Portuninae the number of zoeal stages varies between 4 and 7. Many workers have reported the existence of five zoeal stages in Scylla serrata (Forskål, 1755) and each zoeal stage spanned 3-5 days (Ong, 1964; Brick, 1974; Haesman & Fielder, 1983; Marichamy & Rajapackiam, 1984 , 1992 Marichamy, 1996; Anil, 1997; Kathirvel et al., 1997) . In a closely related species, the American blue crab Callinectes sapidus Rathbun, 1896 , Costlow & Bookhout (1959 observed 7 zoeal stages. The complete larval development of Cancer magister Dana, 1852, Cancer irroratus Say, 1917, and Cancer gracilis Dana, 1852, has been reported by Poole (1966) , Sastry (1970) , Charmantier & Charmantier (1991) , and Ally (1975) , respectively. All three species have five zoeal stages. For Thalamita crenata (Latreille, 1829) 5 zoeal stages are reported as well (Krishnan & Kannupandi, 1990; Godfred et al., 1995) . However, Greenwood & Fielder (1979) observed that the megalopa stage in Portunus rubromarginatus (Lanchester, 1900) was reached in a minimum of 10 days after hatching and found that this species has only 3 zoeal stages, which is quite unusual among species of the Portuninae.
In India, there are no previous descriptions of the complete series of larval stages of Portunus pelagicus. Prasad & Tampi (1953) described the first zoea of P. pelagicus (as Neptunus pelagicus) from laboratory-hatched larvae, but the descriptions of the later zoeal stages were from the plankton collection and not from laboratory hatching. Chhapgar (1956) described the megalopa of Portunus pelagicus (as Neptunus p.) from the Bombay coast. According to Bookhout & Costlow (1974) "the larvae within the subfamily Portuninae are so similar, that it is very difficult to tell species apart from each other, than by examination of minute characteristics of those larvae which have been cultured from the egg". Raman et al. (1987) studied the larval development of P. pelagicus under laboratory conditions and found 3 zoeal stages and one megalopa stage. In the present study, it is very clear that there are four zoeal stages, and we disagree with the above conclusion. Those authors did not study the larval characteristics of each zoea, and perhaps they regarded zoea II and zoea III together as one stage. Delsman & De Man (1925) described the freshly hatched early zoea of Portunus pelagicus (as Neptunus p.). Aikawa (1929) described the first zoea of the closely related species P. trituberculatus (Miers, 1876) . The number of zoeal stages observed in the present study is in accordance with the works of Yatsuzuka (1962) , Kurata & Midorikawa (1975) , and Shinkarenko (1979) . Prasad & Tampi (1953) distinguished a pre-zoeal stage in the larval development of P. pelagicus. However, in the present study the newly hatched larvae were in first zoeal stage only: no pre-zoeal stage was observed in the hatchings. The authors (Prasad & Tampi, 1953 ) also point out that these larvae assume all the characters of the first zoea in the course of about two hours, and they could not rear the larvae for more than twenty hours in the laboratory. Later stages reported are based on the zoeal collections from the wild, hence, with the exception of their description of the first zoea, the other details of the zoeal stages are unreliable.
Other workers have also reported a 'pre-zoeal' stage while rearing these crabs in the laboratory: Lebour (1928) in Necora puber (Linnaeus, 1767) (as Portunus p.), Davis (1965) in Callinectes sapidus, Ong (1964) in Scylla serrata, Ally (1975) in Cancer gracilis, and Andryszak & Gore (1981) in Micropanope sculptipes Stimpson, 1859 . Sandoz & Hopkins (1944 and Sandoz & Rogers (1944) suggested that the larvae hatched as pre-zoeae only under abnormal conditions, such as low salinity, or bacterial or fungal infection. Lebour (1928) , while discussing the primitive nature of brachyrhynchan larvae, considered the portunids as the most primitive because of their many zoeal stages and the structure of the spines on the telson. Costlow & Bookhout (1959) and Costlow (1965) also suggested that the morphological variability found in the zoeal development of portunids is associated with the primitive nature of the family. According to Krishnan & Kannupandi (1990) , only within the Portunidae do any species occur with more than five zoeal stages, and for this reason it is considered to be the most primitive family within the Brachyura. The morphological variations encountered in the developmental stages of portunids may be a characteristic of the family.
Larval morphology as described in the present work is comparable with that found by Shinkarenko (1979) in specimens from Australian waters, the only complete larval study on P. pelagicus available. As herein, Shinkarenko (1979) also reported four zoeal stages; however, variations can be observed in the pattern of setation on the various appendages. In the present study, the number of aesthetascs and setae on the antennule in the four zoeal stages are 2 + 0/2, 5 + 0/1, 4 + 2/1, and 4+ 5/1, respectively, in which aesthetascs are arranged in two groups, i.e., terminal and subterminal. Shinkarenko (1979) reported the antennular setae as 2 + 0/11, 7 + 0/2, 5 + 1/2, and 5 + 4/2, respectively. The descriptions of antenna, maxillule, and maxilla are similar in both works. The pattern of setation in first and second maxillipeds is different from the present work. In our material the number of setae on the exopods of these appendages is 4,4,5-6,12 and 4,8,10,12 , respectively but in the work of Shinkarenko (1979) it was reported that the number of setae on the exopods of the first and second maxillipeds is the same, i.e., 4,8,10,14. Another important difference is the appearance of pleopod buds: in the present study the pleopod buds are visible only from the third zoeal stage, whereas Shinkarenko (1979) reported that pleopod buds are visible from the second zoeal stage onward. There is also disparity in the number of small setae present in the centre of the median curve of the telson in the 3 rd and 4 th zoeal stages. In the present work the numbers are 2 and 3, respectively, whereas Shinkarenko (1979) reports these as 3 and 4. The megalopal description is similar in both works, except for the segmentation of the endopod of the third maxilliped and the pereiopods. In the present observations, the endopods of these appendages are 5-segmented, whereas Shinkarenko (1979) described them as 6-segmented.
Stephensen (1972) suggested that Portunus pelagicus may be divided into clines and subspecies. The differences between the setal numbers of various appendages given by Shinkarenko (1979) and those found in the present study may be caused by the larvae reared in each study belonging to different subspecies, from two different, distant geographic locations.
The zoeal appendages show a wide variety; and the density and size of setae changes in each zoeal phase. The types of setae and their location on these appendages are both similar to those of Portunus spinicarpus (Stimpson, 1871) (cf. Bookhout & Costlow, 1974) and can be related to the similar, carnivorous diet of these two species. In P. pelagicus, the abdomen of the zoea is very important in the capture of prey and also in holding the prey against the mouthparts. The serrated setae in the curve of the telson assist in the abrasion of the prey. Ong (1964) also found that the curvature of the abdomen aided in catching prey in suspension by the zoea of Scylla serrata, where the abdomen is also used to press the prey against the mouthparts. The zoea of P. spinicarpus also possesses serrated setae on the median curve of the telson. The function of the abdomen in prey capture, holding the prey against the mouthparts, and prey abrasion also applies to other carnivorous zoeae.
In the megalopal stage, the chelipeds are used for capturing prey, rather than the abdomen as in zoeal stages. The abdomen can no longer assist in prey capture and holding prey against the mouthparts, as it is reduced in size and more rigid, and because it bears pleopods. The telson is rounded and has lost the serrated setae used for prey abrasion in the zoea. The function of holding the prey to the mouthparts in the megalopa is carried out by the second and third maxillipeds instead. The endopods of these maxillipeds are large and well armed, with several serrated setae that help in breaking down the prey. The terminal segment of the second and third pereiopods of the megalopa bear serrated setae on the inner margin. These pereiopods also assist in holding the prey and in prey-abrasion. The coxal and basal endites of first maxillipeds are well developed, with many plumose setae for collecting and transferring the broken pieces of food towards the mouth.The mandibular palp also aids in transferring soft pieces of food into the mouth. Ong (1964) described the larval stages of Scylla serrata, which occurs in much of the geographical range of Portunus pelagicus. Zoeae of these two species are similar in most respects, and to distinguish between them is difficult. Shinkarenko (1979) reported that in southeastern Queensland the first zoeae of the two species can be recognized by the number of aesthetascs of the antennule: P. pelagicus has two and S. serrata has three. This is in conformity with the present observations. From the present study, it is understood that Scylla zoeae can be distinguished from P. pelagicus by the examination of the exopods of the maxillipeds and the scaphognathite, the number of setae in these appendages differing considerably. Moreover, these are the easiest appendages to observe or to remove and, therefore, have the most practical value for identifying the species and determining the stage of any zoea.
